The associations between nutritional status and lifestyle factors have not been well established. This study aimed to investigate the prevalence of poor nutrition and to examine the relationships between nutritional status and unhealthy lifestyle and other related factors among the elderly. Methods: This cross-sectional study was conducted in Liaobu Town, Dongguan city, China. A total of 708 communitydwelling older adults aged ≥60 years were recruited by stratified random sampling. Data on sociodemographic characteristics, health and lifestyle factors, and the Mini Nutritional Assessment (MNA) scores were collected using structured questionnaires via face-to-face interviews. A multivariate logistic regression model was constructed to identify the risk factors of poor nutrition. Results: The prevalence of malnutrition among the elderly adults in this study was 1.3%, and 24.4% were at risk of malnutrition (RM). Poor nutrition was significantly associated with female gender, older age, lower education, a high number of self-reported chronic diseases, and hospitalization in the last year. Unhealthy lifestyle factors associated with poor nutrition included current smoking status, higher alcohol consumption, lack of physical activity, longer duration of sitting, negative attitude towards life, and a poor family relationship. Conclusions: While the prevalence of malnutrition was low, RM was high in the elderly population in China. The determinants of malnutrition were explored and the relationships between nutritional status and unhealthy lifestyle factors were examined. The results of this study provide information for future longitudinal studies with multi-factorial interventional design in order to determine the effects of the causal relationships.
Introduction
The population of elderly adults aged ≥60 years is increasing worldwide and is projected to reach 2 billion by 2050 (1) . A similar situation was noted in China, the China Research Center on Ageing reported that the population elderly adults in China in 2013 was 202 million (approximately 15% of the total population) (2). Aging not only results in changes in an individual's physiology and psychology but it may also be changes in an individual's physiology and psychology but may also be a risk factor for malnutrition (3) .
Previous research has shown that malnutrition can have serious consequences. It can exacerbate disease progress, reduce immune function, increase the risk of infection and complications, delay recovery, and prolong hospitalization. Moreover, malnutrition may lead to increased disease morbidity and mortality as well as increased healthcare expenditures and result in poor quality of life (3) (4) (5) (6) (7) (8) . Although malnutrition is costly and harmful for the elderly, it is frequently unrecognized and neglected (9) . This may be due to a lack of awareness as well as poor knowledge among elderly adults (10) . According to the 2016 Global Nutrition Report, malnutrition affects one in 3 people worldwide and is increasing in nearly every country, making it a growing public health challenge (11, 12) ; therefore, more attention is needed to develop prevention, detection, and treatment strategies.
During the past decades, a number of methods for nutritional risk assessment have been developed. Meanwhile, mixed findings have been reported regarding the prevalence of malnutrition and the risk of malnutrition (RM). Based on the Mini Nutritional Assessment (MNA) scale, the incidence of malnutrition in community-dwelling elderly adults varies between 0.2% and 13.7%, as well as 8% to 50.3% of elderly individuals have RM (10, (13) (14) (15) (16) (17) (18) . Differences in sample size, age distribution, diversified social environment, and geographical differences may all contribute to the variations between studies (14) . Nonetheless, these findings indicate the urgency to explore malnutrition, especially RM, and the potential risk factors that have contributed to this phenomenon.
Several factors have been associated with nutritional status in elderly adults (19) . Sociodemographic factors such as female gender, older age, widowed status, and lower education and
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W.-Q. LIN 1, 2 , H.H.X. WANG 3, 4 , L.-X. YUAN 5 , B. LI 6 , M.-J. JING 6 , J.-L. LUO 1 income levels may contribute to a poor nutritional status (10) . Several health-related factors such as chronic diseases, physical and social barriers, risk of depression, and a lack of healthrelated knowledge are also related to malnutrition (16, 20) . However, the associations between malnutrition and other factors, such as hospitalization in the last year and various unhealthy lifestyle factors, remain unclear. The present study assessed unhealthy lifestyle factors in 3 dimensions: behavioral factors such as smoking, alcohol consumption, exercise, duration of sitting, and sleep quality; attitudinal factors (e.g., towards life); and social factors such as family relationship. The effect of unhealthy lifestyle factors on malnutrition among community-dwelling elderly adults has not been well established in China (20) .
It is necessary to identify the nutritional status of community-dwelling older adults, especially those at RM, as well as risk factors that could be determined by a comprehensive geriatric evaluation. Indeed, effective nutritional interventions may reverse the course of malnutrition, thus preventing and controlling the serious consequences associated with its progression. However, data on the nutritional status and associated risk factors for malnutrition among communitydwelling elderly adults are limited in China.
Thus, we investigated elderly adults aged ≥60 years living in different communities with the following aims: 1) to assess the prevalence of malnutrition and RM; 2) to identify the relationships between nutritional status and unhealthy lifestyle factors; and 3) to determine the factors associated with poor nutrition among elderly adults.
Methods

Study design and subjects
In April 2013, a cross-sectional study on the nutritional and health status of elderly adults was carried out in Liaobu Town, Dongguan City, Southern China. Since the reform and opening-up, Liaobu Town is a well-known and representative town in Dongguan city, with a fast-growing manufacturing industry. Liaobu Town consists of 30 villages, corresponding to a population of approximately 71,000 residents and an area of 71.38 square kilometers (21) . These villages are managed by 21 community health service centers; therefore, we call the elderly living in Liaobu Town as community-dwelling elderly adults in this paper.
This study used stratified random sampling to generate the study samples. According to local economic levels (21), we divided the 30 villages into 3 levels, with 10 villages per level. Three villages were selected randomly in each level (3/10) and a total of 9 villages were generated (9/30). All of the elderly adults (aged ≥60 years) in the 9 villages were investigated. The sample distribution is presented in Additional file 1: Figure S1 .
A total of 792 community-dwelling elderly adults lived in the 9 villages, according to the city's household registration system. The following selection criteria were used to select Figure 1 . 
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Procedures
All interview groups included a local healthcare staff member (community health service center) and a medical student who were trained prior to the commencement of investigation in order to standardize data collection and recording. In addition, each group contained a supervisor to ensure that the interviews were conducted properly and that missing data were identified in a timely manner. The interviews took place in the participants' homes and data were collected from each participant through a structured study questionnaire that was administered verbally by the staff member and medical student. The entire interview process lasted approximately 30 minutes for each elderly adult who participated in the study.
Measurements and instruments
Sociodemographic characteristics
Data on sociodemographic characteristics including gender, age, marital status, educational level, retirement employment, health insurance, and living arrangements were collected for each participant.
Health and lifestyle factors
The health and lifestyle section of the questionnaire included 2 parts: unhealthy lifestyle factors and health-related factors. The unhealthy lifestyle factors included questions pertaining to current smoking status, alcohol consumption, physical activity, time of sitting, sleep status, attitude towards life, and family relationships. Current smoking status was defined as participants who had smoked ≥1 cigarette(s) per day for at least 6 months. Alcohol consumption was defined as drinking alcohol for participants who reported consuming alcohol an average of more than once a week within the last year. Participants who performed moderate exercise lasting no less than 30 minutes ≥3 times per week, including activities such as walking, jogging, square dancing, tai chi, and ba duan jin, were considered to be physically active. Time of sitting was defined by the response to the question: how long do you sit on an average day? Sleep status was defined based on the self-reported response to the question: How do you feel about your sleep status in the past month? a) good, b) fair, c) poor. Attitude towards life was defined by the response to the following question: What is your attitude toward your life in the past month? a) positive, b) neutral, c) negative. Finally, family relationships were defined by responses to the question: How have you gotten along with your family members in the past month? a) good, b) fair, c) poor.
The health-related factors included questions on the number of self-reported chronic diseases (e.g., hypertension and diabetes), whether they had undergone a physical examination at least once per year, whether they had been hospitalized in the last year, and body mass index (BMI), blood pressure (BP), and blood glucose levels. The Chinese reference was used to categorize BMI, as follows: underweight (<18.5 kg/m2), normal weight (18.5-23.9 kg/m2), overweight (24.0-27.9 kg/m2), and obese (≥28.0 kg/m2) (22) . BP was measured on the right arm using a mercury sphygmomanometer using the average of 3 readings for analysis.
Assessment of nutritional status
The MNA was specifically designed to assess the nutritional status of elderly adults based on responses to 18 items (23) (24) (25) . The tool is divided into 4 parts. The first is anthropometric assessment (items 1 to 4; e.g., BMI and mid-arm and calf circumferences), with the circumference measurements performed twice using a portable tape with the smallest division of 0.1 cm. In the present study, the mid-arm circumference was measured as follows: first, the elderly adult was instructed to bend the arm at the elbow at a right angle with the palm facing up. Next, the health staff marked the midpoint between the acromial surface of the scapula and the olecranon process of the elbow on the back of the nondominant arm. Finally, each participant was instructed to allow the arm hang loosely, and the mid-arm circumference was measured. Calf circumference was measured with the tape wrapped around the widest part of the calf when subject was sitting with the leg hanging loosely. In order to ensure that the widest point was measured, the circumference was also measured at point above and below the widest point (26) . The second part of the MNA is a general assessment (items 5 to 10; e.g., medication use mobility, and the presence of a skin ulcer); the third is dietary assessment (items 11 to 16; e.g., meals, food, and fluid intake); and the fourth is self-assessment (items 17 and 18; e.g., health and nutritional status). Given that lower scores predict a higher risk of malnutrition (27) , the total score (of 30 points) can be used to classify elderly adults as malnourished individuals (<17 points), individuals at RM (17-23.5 points), or well-nourished individuals (≥ 24 points) (28) . In this paper, MNA scores ≤23.5 points represented poor nutrition. Additionally, the MNA had been reported to be one of the most valid and frequently used nutritional screening tools in the elderly age group, and it is reported to have good reliability and validity (13, 15, 29) .
Statistical analysis
Data were presented as means and standard deviations (SD) for continuous variables, while categorical variables were presented as frequency and percentages. All statistical analyses were performed using the Statistical Package for Social Sciences (SPSS), version 13.0 (SPSS Inc., Chicago, IL).
First, 9 elderly participants with malnutrition were classified as individuals at RM. We then categorized nutritional status into 2 categories: well-nourished and poor nutrition. Second, the chi-square and t-tests were used to assess the differences in sociodemographic, health, and lifestyle factors among the elderly adults. In addition, we calculated Spearman correlation coefficients to assess the relationship between unhealthy lifestyle factors and MNA scores. Finally, all statistically significant variables identified in univariate analysis were included in a multivariate logistic regression analysis, except for BMI, which is an important part of the MNA scale. The logistic regression models used a forward stepwise selection strategy. The odds ratios (ORs) with 95% confidence intervals (95% CI) and Nagelkerke R2 values were also calculated. Twotailed P values < 0.05 were considered statistically significant.
Results
Participant characteristics
A total of 708 elderly adults from 9 villages in Liaobu Town were included; the sample distribution is shown in Table 1 and Figure S1 (Additional File 1). Of the 708 total subjects, 337 (47.6%) were male and 371 (52.4%) were female. All participants were between 60 and 100 years of age, with an average age of 70.19 ± 8.25 years. Their sociodemographic and descriptive characteristics are shown in Table 2 .
Figure S1
Map of Liaobu Town, the figure of sample distribution Note: 708 elders, 3 economical levels, 9 villages, p < 0.05; poor nutrition: Mini Nutritional Assessment scores ≤ 23.5.
Overall prevalence
Only 9 of the elderly participants (1.3%) were classified as malnourished, while 173 (24.4%) were classified as those with RM. Hence, a total of 182 participants were categorized as having poor nutrition, corresponding to a prevalence of 25.7%. The mean MNA score was 25.45 ± 2.52. The epidemiological characteristics of the individuals within the poor nutrition category are reported in Table 2 . 
Univariate analysis
The results of the univariate analysis for poor nutrition are shown in Table 1 , 2, and 3. Increasing age was accompanied by a decreasing MNA score, as shown in Figure 2 . Table 4 shows the Spearman correlation coefficients between unhealthy lifestyle factors and the MNA score. Current smoking status, alcohol consumption, lack of physical activity, long stretches of time spent sitting, poor sleep quality, a negative attitude towards life, and a poor family relationship were significantly negatively correlated with the MNA score (p < 0.05). Table 5 shows the results of the regression, after adjustment for gender, age, educational level, current smoking status, alcohol consumption, physical activity, and number of selfreported chronic diseases. Elderly adults who were female (OR = 2.06), were aged ≥85 years, (OR = 4.45), had a lower education (OR = 1.94), had more self-reported chronic diseases (OR = 2.65), and had been hospitalized in the last year (OR = 2.10) were more likely to suffer from poor nutrition. The risk of poor nutrition increased significantly with the presence of the following unhealthy lifestyle factors: current smoking status (OR = 2.84), alcohol consumption (OR = 3.50), lack of physical activity (OR = 1.67), long stretches of time spent sitting (OR = 1.08), a negative attitude towards life (OR = 5.00), and a poor family relationship (OR = 1.97). 
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Discussion
Main findings
In the present study, 25.7% of the elderly adults suffered from poor nutrition. The following factors were identified as possible predictors for poor nutrition in this population: female gender, increasing age, lower education level, more selfreported chronic diseases, and hospitalization in the previous year. The relationships between poor nutrition and the majority of unhealthy lifestyle factors (e.g., current smoking status, alcohol consumption, and time of sitting) were also identified in the current study of elderly participants.
Comparison with previous studies A longitudinal study conducted over 11 years demonstrated that malnutrition or RM were both significantly associated with shorter survival among community-dwelling elderly adults; the multi-adjusted HRs of mortality for malnutrition and RM were 2.40 and 1.49, respectively (8) . These findings underscore the need to develop a better understanding of the prevalence of malnutrition, RM, and the associated risk factors for malnutrition in elderly adults.
In the present study, the incidence of malnutrition and RM was 1.3% and 24.4%, respectively, among communitydwelling elders. Not surprisingly, our values were similar to the findings of several other studies (13, 20, 30) using the same assessment tool (MNA), cut-off score (≤23.5 points), and research subjects (community-dwelling elderly adults). Specifically, the incidence of malnutrition and RM in our study were similar to findings from Shanghai (1.7% and 19.1%, respectively), Guangzhou (1.0% and 29.2%, respectively), and Beijing (0.2% and 32.3%, respectively) in China, as well as in Japan (0.2% and 20.6%, respectively) and Singapore (2.8% and 50.3%, respectively) [6, 14, 16, 17, 31] . Conversely, a study by Han and colleagues in Wuhan, China reported a higher prevalence of malnutrition and RM (8% and 36.4%, respectively) (10) . There are 4 possible explanations for these differences. First, the current study did not include elderly individuals who experienced serious or acute diseases, or cognitive impairment. Second, there are differences in age distributions and sample sizes between studies. In the Wuhan study, the average age was 74.14 (SD, 5.95) years and included 162 participants, but the current study recruited 708 participants with an average age of 70.19 (SD, 8.25) years. Third, the results may be influenced by geographical differences and climates. Wuhan city in China is known for its hot and humid summers; the survey was conducted during the hot summer months, which may have affected individual participant appetites and weights, resulting in a higher incidence of malnutrition (10) . Lastly, different economic levels may contribute to poor nutrition (7, 32) . More specifically, Shanghai, Beijing, and Guangzhou are prosperous cities in China, as is Dongguan, which was the focus of the current study. However, Wuhan city is less prosperous in comparison.
The characteristics assessed in this sample population were of interest. With its accelerated industrialization and urbanization, Liaobu Town is becoming an affluent town that has benefited from the policy of reform and opening-up. Despite these advancements, a high prevalence of poor nutrition was identified in this study; more importantly, it seems to be neglected. The majority of elderly people (long-term residents) have experienced a transition from poverty to affluence with the reform and opening-up. We speculated that elderly adults would maintain their frugal living habits that were developed during the period of poverty and that the unhealthy lifestyle factors might also play an important role in poor nutrition. In the present study, the high prevalence of poor nutrition was predicted by 11 risk factors, which were divided into sociodemographic characteristics, health-related factors, and unhealthy lifestyle factors in order to make comparisons.
In regards to the sociodemographic characteristics assessed in the present study, female gender, older age, and lower education level were associated with poor nutrition. Previous studies also reported older age to be associated with a higher prevalence of poor nutrition (6, 17) . Han and colleagues demonstrated that aging was negatively correlated with MNA scores in China (10) Furthermore, the results of other studies have revealed that aging is accompanied by changes in physical composition, declining gastrointestinal function, and reduced feeding drive, which may also affect digestion and absorption (33, 34) . Poor nutrition was more commonly observed among those with a single marital status (unmarried, divorced, or widowed) (Table 2) ; however, our study failed to observe an association between marital status and nutritional status in the multivariate logistic analysis (20, 35) . A recent systematic review of 28 observational studies provided strong evidence for the lack of association between the death of a spouse and malnutrition (19) . While some studies have suggested that there is a relationship between marital and nutritional status (10), these results remain controversial. With regard to health-related factors, correlations have been reported between poor nutrition and the number of selfreported chronic diseases and hospitalization in the previous year. Consistent with the finding for chronic diseases (30, 36, 37) , Shi and colleagues reported that the presence of ≥2 comorbidities contributed to the prevalence of malnutrition or RM (20) . Generally, poor physical health is positively associated with poor nutrition. Therefore, hospitalization within the previous year may have impacted individual nutritional status (19) . Dorner and colleagues also reported that 76.7% of elderly patients who were acutely hospitalized were malnourished or had RM (38) ; it is likely that those individuals may require a longer time to recover after their hospital discharge.
Surprisingly, we found that that the majority of unhealthy lifestyle factors were independently associated with poor nutrition. In addition, the results of the Spearman correlation analysis (Table 4) further supported this phenomenon. Unhealthy lifestyle factors may play a predictive role in malnutrition among the elderly. A smoker's taste and appetite might be influenced by tobacco or the pro-inflammatory effect of smoking, which may lead to malnutrition (37, 39) . Interestingly, a study from the Netherlands reported that alcohol consumption decreased the risk of malnutrition. However, our results supported the opposite association: drinking increased the risk of poor nutrition. The high energy content of alcohol may prevent or slow weight loss (37) ; however, data supporting this phenomenon in elderly adults are lacking. Arif and colleagues reported that moderate alcohol consumption has a protective effect on obesity; in other words, drinking may lead to weight loss (40) . Another explanation for our observations might be related to the limited number of current alcohol consumers in our study. Moreover, other studies in China have suggested that smoking and drinking do not influence nutritional status (20, 41) . Thus, further research is necessary to confirm this relationship.
Another finding of the current study was that a lack of exercise and sedentary behavior were independent risk factors for poor nutrition. During the survey period, we found that some elders were not willing to exercise, but preferred sitting for long stretches every day, especially those who were older and frail and those with diseases such as CVD. A recently systematic review supported the hypothesis that an exercise program for elderly patients may help to improve function and healthcare (42) . Therefore, exercise may ameliorate nutritional status. Fuzeki and colleagues found that sedentary behavior was associated with overweight or weight gain (43) ; however, this observation may also be applied to young and middle-aged individuals. With aging, muscle mass and muscle strength are progressively lost (44) ; as a result, elderly adults lose their ability to be active, gradually leading them to sit for extended periods of time. Van Cauwenberg and Buman reported that individuals aged ≥75 years had longer sedentary duration than those aged 65-74 years (45, 46) . A lack of exercise and long stretches of time spent sitting may lead to a decrease in energy consumption and loss of appetite, which establishes a vicious cycle that may eventually lead to malnutrition. This cycle may also occur in elderly individuals who are frail or who have various diseases. In this study, the MNA score decreased with increasing age (Figure 2) . Therefore, for the reasons suggested above, a lack of exercise and long stretches of time spent sitting might contribute to a higher risk of poor nutrition in elderly adults.
We also explored the association between an individual's attitude towards life and nutritional status. Previous studies have demonstrated that depression is a contributory factor for the development of undernutrition (16, 47) . However, even if an individual was not depressed, those who felt negatively about life were at an increased risk of developing poor nutrition in this study. These findings may be explained by decreased food cravings, reduced appetite, and finding an enjoyment in sitting for a long time in elderly adults with a negative outlook (47) . This finding suggests that maintaining a positive attitude towards life may contribute to improved nutritional status, which may be a useful finding for health education provided to elderly individuals.
Additionally, our study assessed the effects of a good family relationship on nutritional status. Having a family relationship was found to be an indispensable part of an individual's social network. Having a poor relationship with family members, as an unhealthy lifestyle factor, may cause social isolation and lead to appetite loss, malnutrition, and increased mortality (7, 48, 49) . However, Ferdous and Posner found that, among the number of social networks an individual has, belonging to a social club was not associated with malnutrition (50, 51) . The current study assessed whether the individuals had a positive relationship with their family members rather than the number of social networks, a difference that resulted in the observed association. However, the findings regarding family relationships may be better supported by additional studies on this topic.
Based on these findings, the results of our study suggest that promotion of healthy lifestyles may be a prevention and intervention strategy to reverse the progression from having a RM to malnutrition or from being well-nourished to having a RM among the elderly.
Limitations
This study has several limitations. First, the study was conducted in a single town, which likely does not represent the entire population of China. Second, we did not collect income data for each individual, which is a very sensitive problem in China and may affect an individual's nutritional status. However, given that these data are unreliable in China, it would be difficult to draw accurate conclusions regarding the effect on an individual's nutritional status. In order to begin understanding the relationship between individual income level and nutritional status, we divided the participants into several groups according to their economic status. Third, because of the cross-sectional nature of this study design, causal relationships could not be inferred. Additionally, although the data were collected through face-to-face interviews, recall bias may have been introduced by the elderly participants. Future research is needed, which should utilize a larger and prospective cohort design to infer the causal relationships.
Conclusion
Although the prevalence of malnutrition was low, a high prevalence of RM was observed in elderly adults in this study population in China. Poor nutrition was associated with female gender, older age, lower education, more self-reported chronic diseases, hospitalization in the last year, current smoking status, alcohol consumption, lack of physical activity, long times spent sitting, negative attitude towards life, and a poor family relationship. These findings may provide useful information for future longitudinal studies to establish the effects and causal relationships regarding malnutrition prevalence, as well as multifactorial interventions to prevent malnutrition among elderly adults.
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